The paper deals with the possibilities of homogenization of the kerf width by proper choice of the respective feed rate and abrasive mass flow for particular models of cutting. The introductory part is devoted to reasons for the kerf width variability in dependence on the models of cutting, as well as to the methods of determining the kerf width in cutting of solid wood by abrasive water jet. In the conclusion are presented the results concerning the development of kerf width in the range of commonly used feed rates and abrasive mass flows.
JOURNAL OF FOREST SCIENCE, 57, 2011 (12): 574-579 The potential of the technology of cutting by abrasive water jet (AWJ) is hidden in a possibility of creation of a complicated shape of cuts and in a small kerf width. The above-mentioned advantages simply predetermine the given technology to applications such as manufacture of intarsia and inlaid parquet floors.
A certain complication of its use is caused by the dependence of the kerf width on a particular model of cutting due to wood anisotropy. A change in the model of cutting can influence the kerf width in the range of ± 15%. This phenomenon can be influenced by an optimal choice of feed rate and abrasive mass flow as the main independent technical and technological parameters in dependence on the given model of cutting.
Theoretical analysis of the problem
The technology of cutting by abrasive water jet uses as a tool the liquid water jet enriched with the particles of abrasive material (Reisner 2004) .
The mechanism of a reduction of working material by water-jet cutting is similar to the mechanism of material reduction by sanding. From this aspect, the abrasive water jet belongs among polygonal tools with an indefinable cutting edge (Engemann 1993; Maňková 2000; Beer 2007 ). Cutting wedges are represented by grains of the abrasive. The orientation of abrasive grains is quite random, and their greatest concentration is in a coating zone -on the surface of the abrasive water jet. The concentration of the abrasive toward the core of the water jet steeply decreases. The resulting worked surface consists of cutting facets left by cutting wedges (grains of abrasive) (Hashish 1991; Krajný 1998; Gerencséir, Bejóm 2003) . The energy supplied by abrasive water jet to the point of cutting depends on the pressure of the liquid, mass flow of abrasives, and feed rate (Matuška 2003; Barcík 2007) .
The kerf width subsequently depends on the amount of supplied energy by water jet to the point of cutting and on the resistance of material against cutting (Havlík 1995; Kulekci 2002) .
The resistance of material depends on the particular anatomical structure at the point of cutting (orientation of cell elements, their size, and magnitude of adhesive properties among cell elements).
To propose the basic models of cutting the type of sawn timber (quarter sawn and flat sawn) and the direction of cutting (along and across the grain) are taken into account (Lisičan 1996) .
In general, we can state that the kerf width in quarter-sawn timber on the input side of AWJ into material will be larger on average by 4.6% and on the output side of AWJ from material it will be larger by 8.3% than in flat-sawn timber.
A change in the direction of cutting will demonstrate itself more markedly. The change from longitudinal to cross-sectional cutting will cause the widening of the kerf width by 21% on the input side of AWJ into material and the narrowing of the kerf width by 22% on the output side of AWJ from material (Kminiak 2010; .
Let us consider a model situation in the cutting of quarter-sawn 25 mm thick beech sawn timber for the greatest effectiveness of the process under maximal cutting conditions (which means for the given case the feed rate of 0.6 m·min -1 and abrasive mass flow of 450 g·min -1 ). In cutting along the grains the kerf width on the input side of AWJ is 1.13 mm and in cutting across the grains it is 1.27 mm. In the case of flat-sawn timber, compared to quarter-sawn wood, the kerf width on the input side of AWJ is 0.91 mm, and across the grains 1.03 mm (Kminiak 2010; .
There is raised a condition of possibility of the kerf width homogenization in the context of the above-mentioned factors (type of sawn timber and direction of cutting) belonging among the material parameters which cannot be influenced. One way how to eliminate differences in the kerf width is an optimization of technical and technological parameters, namely of feed rate (v f ) and of abrasive mass flow (m a ). So this paper is devoted particularly to such optimization.
MATERIAL AND METHODS
The chosen methods of experimental studies by Kminiak (2010) .
Parameters of test samples
-Tree species of the test samples: pedunculate oak (Quercus robur), European beech (Fagus sylvatica), Norway spruce (Picea abies), -thickness of the test samples: 25 mm/50 mm/ 75 mm, -required width of the test samples: w = 180 mm (± 2.5 mm), -required length of the test samples: l = 500 mm (± 5 mm), -type of sawn-timber of the test samples: quartersawn timber/flat-sawn timber, -moisture content of the test samples: w = 8% (± 2%).
Cutting process
Cutting of the test samples was carried out according to cutting operations ( Fig. 1 ) on the premises of the DEMA Ltd. Company in Zvolen 
Definition of measured values
The definition of measured values is presented in Fig. 2 , where: -w t -kerf width on the side of water jet input into material (top kerf width): it is the kerf width created by passing the abrasive water jet through material measured on the side of water jet penetration into material, -w b -kerf width on the side of water jet output from material (bottom kerf width): it is the kerf width created by passing the abrasive water jet through material measured on the side of penetration of water-jet output from material.
Operating procedure -Creation of digital photography of the kerf width together with a reference scale (the kerf width was measured on the input and output side of the cut - Fig. 2 ) where ten measurements were carried out on each side, and the distance among them was 15 mm (Fig. 3) , -measuring of the kerf width, -conversion of relative dimensions to real ones and non-binding statistic evaluation of data.
Note: Measuring of the bottom kerf width on the side of water jet output from material was hindered by the rippled cutting edge contour (Fig. 4b) as for practical use the maximal size of the kerf is important (from the viewpoint of determining allowances for possible further working). The kerf width (Fig. 4a )was measured as a distance of the two most remote parallel tangents to the cutting edge (Fig. 5) , where an evaluated cutting edge length was 15 mm.
RESULT AND DISCUSSION
The interpreted results issue from the basic summary file containing three tree species (pedunculate oak, European beech, and Norway spruce), two types of sawn timber (quarter-sawn timber/ flat-sawn timber), two directions of cutting (along the grains/across the grain), and two thicknesses of sawn timber (25/50 mm).
Influence of feed rate (v f )
Based on the evaluation of the effect of feed rate on the top kerf width at the input of AWJ into material ( Fig. 6 and Table 1) we can state that the dependence of the top kerf width at the input of AWJ into material is inversely proportional to v f . A reduction of feed rate by 0.2 m·min -1 causes the widening of the kerf width by 0.06 mm on average (Table 1) .
The given demonstration can be justified by the fact that a reduction of feed rate causes a longer action of abrasive water jet on the unit length of the kerf width, i.e. a greater number of abrasive particles pass through the given point. These particles are holders of a greater amount of energy, and they are able to take off more material from the cutting point along its height and also along its width. The amount of energy falling on the unit length of the cut line can be expressed by the EDD parameter -distribution of the energy density of abrasive particles (Krajný 1998) . Respective values of the EDD parameter for particular combinations of feed rate and abrasive mass flow are shown in Table 2 . By increasing the feed rate from 0.2 m·min -1 to 0.4 m . m -1 the energy density of abrasive particles will decrease by half (Table 2) ; by increasing the feed rate from 0.4 m·min -1 to 0.6 m·min -1 the energy density of abrasive particles will decrease by a third ( Table 2) .
The influence of feed rate on the kerf width on the side of AWJ output from material is documented in Fig. 7 .
The effect of a change of feed rate concerning the kerf width on the output side of AWJ from material is an opposite one. The inverse proportion became a direct proportion and a reduction of feed rate causes the narrowing of the kerf width. In absolute terms -a reduction of feed rate by 0.2 m·min -2 causes the reduction of kerf width by 0.2 mm (Table 1) .
Analogically, a greater quantity of abrasive particles which are able to take off more material will pass through the given point (the AWJ energy potential will increase). At the same time it is necessary to take into account the course of water-jet path along the height of the cut, namely its lagging. A greater number of particles in the space will manifest themselves by a decrease of the water-jet lagging and not by a further widening of the kerf width. A reduction of feed rate by 0.2 m·min -1 decreases the AWJ lagging on average by 0.96 mm. It is necessary to emphasise that despite its reduction the kerf width will still remain wider on the output side of AWJ from material than it is on its input side.
Comparing our results with the already existing knowledge we arrived at different conclusions in some cases. Gerencsér and Bejo (2007) stated that the kerf width on the side of AWJ input into material was wider than on the side of AWJ output from material. We explain it on the basis of a difference in the pressure levels. While Gerencsér and Bejo (2007) worked with the pressure of working medium 300 MPa, in our case it was 400 MPa, which substantially changed the magnitude of supplied energy by abrasive water jet. With regard to the influence of technological parameters on the kerf width, the results of experiments are comparable with the results published so far.
Influence of abrasive mass flow (m a )
Abrasive mass flow together with the feed rate belong among technological parameters in which we can equally observe the different influence on the kerf width at AWJ input into material and its output from material.
The kerf width on the input side of abrasive water jet into material becomes larger with the increase of abrasive mass flow (Fig. 8 ). An increase of abrasive mass flow from 250 g·min -1 to 350 g·min -1 causes the widening of the kerf by 0.02 mm on average, and the increase from 350 g·m -1 to 450 g·min -1 its widening by 0.04 mm (Table 3 ).
The influence of abrasive mass flow on the kerf width on the output side of AWJ from material is directly opposite (Fig. 9 ). An increase of abrasive mass flow from 250 g·min -1 to 350 g·min -1 causes the narrowing of the kerf by 0.09 mm on average and an increase of abrasive mass flow from 350 g·min -1 its narrowing by 0.07 mm (Table 3 ). The clarification of this phenomenon is identical with the influence of feed rate, because an increase in abrasive mass flow quantity is its analogy.
The increase of abrasive mass flow was caused by a higher amount of abrasive particles falling on the unit length of cutting path. A greater amount of particles has much more energy at its disposal, which is able to take off much more material from the point of cutting.
It causes the widening of the kerf on the input side of AWJ into material and, on the contrary, its narrowing on the output side of AWJ from mate- rial. The explanation of this phenomenon lies in the fact that much more abrasive particles pass through the given point, but the energy of these particles is gradually utilized for cutting and its increase in the given space is manifested by a decrease of water-jet lagging and not by a further widening of the kerf width.
CONCLUSION
By proper choice of feed rate and abrasive mass flow it is possible to influence the kerf width on the side of AWJ input into material and also on the side of AWJ output from material, as well as the mutual relationship of these two widths.
In principle it can be claimed that a decrease of the feed rate leads to a widening of the kerf width on the side of AWJ input into material and, on the contrary, to its reduction on the side of AWJ output from material.
From the practical viewpoint we are considering the model situation from a theoretical analysis of the problems. In case that we are cutting the 25 mm thick beech sawn timber under technological conditions of the feed rate of 0.6 m·min -1 and abrasive mass flow of 450 g·min -1 , in cutting along the grains the kerf width on the input side of AWJ is 1.13 mm, and across the grains it is 1.27 mm. By changing the feed rate to 0.4 m·min -1 , the change of the kerf width in cross cutting on the input side of AWJ into material will be 1.13 mm. In the case of flat sawn-timber, the kerf width on the input side of AWJ into material is 0.91 mm, and across the grains it is 1.03 mm; by changing the feed rate to 0.2 m·min -1 and the abrasive mass flow to 250 g·min -1 , the change of the kerf width on the side of AWJ input into material will be 0.91 mm.
